Study objectives: Atrial fibrillation (AF) becomes an increasingly important cause of stroke as patients get older. The aim of the study was to determine whether risk factors of cerebral embolism among elderly patients with AF differed from those of younger patients by using transesophageal echocardiography (TEE). Design and setting: Cross-sectional study at a university hospital. Methods: Cardiovascular lesions with the potential for thromboembolism in patients with AF were investigated using TEE. Left atrial spontaneous echocardiographic contrast (SEC), peak flow velocity in the left atrial appendage (LAA-flow), and aortic atherosclerosis of the thoracic aorta were assessed in 67 elderly (> 70 years old) and 135 younger (< 70 years old) patients. All patients underwent either brain CT (n ‫؍‬ 54) or MRI (n ‫؍‬ 148) to assess presence of cerebral infarction. Results: Cerebral infarction due to embolism was noted in 113 patients with AF. There was a higher prevalence of cerebral embolism in elderly patients when compared with younger patients (78% vs 45%; p < 0.001). Cerebral embolism found in younger patients was associated with high grade of SEC and lower LAA-flow (p < 0.05). In addition to these TEE findings, aortic atherosclerosis was more severe in elderly patients with cerebral embolism than in those without cerebral embolism (p < 0.0001). By multivariate logistic analysis, LAA-flow was an independent predictor of cortical infarction in younger patients, but not in elderly patients, whereas aortic atherosclerosis was a useful marker in predicting embolic risk in elderly patients. Conclusions: TEE findings indicative of left atrial blood stasis were useful to identify the embolic risk of younger patients with AF, while atherosclerosis of the thoracic aorta appears to be an important marker for cerebral embolism in elderly patients.
A lthough atrial fibrillation (AF) is a major risk factor for ischemic cerebral events, the risk of stroke varies greatly depending on age and coexisting cardiovascular pathology. 1 Clinical trials 2, 3 have shown that younger patients not complicated with hypertension or cardiovascular disease have a low risk of stroke, but the risk of stroke rises along with increasing age. Elderly patients who have diabetes, hypertension, or prior stroke have demonstrated a high annual stroke rate. 1, 4 Identification of these clinical diseases that increase the risk of stroke is important, but the pathophysiologic mechanisms linking clinical risk factors with thromboembolic risk remain elusive in many patients.
Transesophageal echocardiography (TEE) offers high-resolution images of the left atrium and its appendage as well as the thoracic aorta for evaluation of left atrial blood stasis and aortic atherosclerosis. Doppler echocardiographic measurement of blood flow velocity in the left atrial appendage (LAA-flow) and evaluation of left atrial spontaneous echocardio-graphic contrast (SEC) have been used to assess the degree of blood stasis in the left atrial appendage and the risk of thromboembolism. [5] [6] [7] In clinical studies, 8, 9 an association between atherosclerotic disease of the thoracic aorta and cerebral infarction has been ascertained. In addition to being a direct cause of cerebral embolism, aortic atheroma has been shown to be a significant predictor of stroke and mortality, 10 -12 suggesting that aortic atherosclerosis diagnosed using TEE could be a marker of generalized atherosclerosis. 13 Thus, TEE may provide a useful information to evaluate the risk of cerebral infarction, particularly in elderly subjects, who have cardiac and concomitant extracardiac risk factors. In this study, we assessed TEE findings to determine the risk of cerebral embolism, not of cerebral thrombosis, in younger and elderly patients with AF.
Materials and Methods

Study Patients
Over a 3-year period, 202 consecutive patients (118 men and 84 women; mean Ϯ SD age, 64 Ϯ 12 years) with electrocardiographically documented AF who were referred for cardiovascular assessment at our institution underwent TEE. The indications for TEE were evaluation of potential thromboembolic risk or identification of embolic source of recent stroke. Patients aged Ͻ 70 years or Ն 70 years were categorized as younger or elderly patients, respectively. All patients underwent brain CT (n ϭ 54) or MRI (n ϭ 148) to determine the presence of cerebral infarction of cortical branch, which is considered to be presumably embolic infarction. 14 Based on the CT or MRI, diagnosis of cortical infarction was made by neurologists aware of clinical data but not the findings of echocardiography. 15, 16 Baseline clinical characteristics, including systemic hypertension, hyperlipidemia, diabetes mellitus, and smoking habits, were determined from medical records and routine laboratory data.
Echocardiography
TEE was performed using a 5-MHz multiplane transducer (PEF-510MA; Toshiba Corporation; Tokyo, Japan) connected to an ultrasound imaging system (SSH-140A; Toshiba Corporation) according to the standard protocols. Multiple standard tomographic planes were imaged to determine left appendage flow, left atrial thrombi, left atrial SEC, and wall thickness of the descending thoracic aorta. All studies were recorded on videotape for subsequent analyses. No complications occurred during TEE.
Left atrial SEC was diagnosed by the presence of dynamic smoke-like echoes within the atrium and atrial appendage, distinct from background white noise caused by excessive gain. The severity of SEC was defined by the criteria of Fatkin et al. 7 Briefly, it was graded from 0 to 4ϩ according to the following criteria: 0 ϭ absence of echogenicity; 1ϩ ϭ mild (minimal echogenicity only detectable with optimal gain settings transiently during the cardiac cycle); 2ϩ ϭ mild to moderate (transient SEC without increased gain settings and more dense pattern than 1ϩ); 3ϩ ϭ moderate (dense swirling pattern during the entire cardiac cycle); and 4ϩ ϭ severe (intense echodensity and very slow swirling patterns in the left atrial appendage, usually with similar density in the main cavity). In the following analyses, grades 3ϩ and 4ϩ were defined as high-grade SEC.
Left atrial appendage velocity profiles were obtained by pulsed-wave Doppler echocardiographic interrogation at the orifice of the appendage. Attempts were made to maintain the angle between the ultrasound beam and left atrial appendage flow (LAA-flow) within 30°. Peak outflow velocity signals within each R-R interval were averaged over a minimum of six cardiac cycles in each patient.
We performed a careful search for the intima-lumen interface and media-adventitia interface on the thoracic aorta and identified the thickest lesion of the intima-media complex in the aortic wall. Each patient's aorta was graded in terms of the severity of atherosclerosis according to the grading system of Montgomery et al 12 : grade 1 ϭ no disease or intimal thickening; grade 2 ϭ intimal thickening; grade 3 ϭ atheroma Ͻ 5 mm; grade 4 ϭ atheroma Ն 5 mm; grade 5 ϭ any mobile atheroma. The presence of aortic atheroma of the thoracic aorta (grades 3 to 5) was defined as severe atherosclerosis.
Statistical Analysis
Variables are presented as mean Ϯ SD unless otherwise indicated. Statistical analyses were performed using software (SPSS version 8.01-J; SPSS; Chicago, IL). The significance of any difference in mean value was tested using unpaired Student's t test, and the difference in proportions between two groups was tested using 2 test. Mann-Whitney two-sample rank test was used for nonparametric distributions. Multivariate logistic regression analyses were used to determine independent predictors of cerebral embolic infarction in younger and elderly patients. Variables tested were high-grade (dense) SEC (Ն grade 3), reduced LAA-flow (Յ 20 cm/s), left atrial thrombi and aortic atherosclerosis (Ն grade 3). Odds ratios are shown with 95% confidence intervals. A p value Ͻ 0.05 was considered statistically significant.
Results
Clinical Characteristics in Young vs Elderly Patients With AF
Of the 202 patients, 67 patients (33%) were elderly (mean age, 76 Ϯ 5 years) and 135 patients (67%) were younger (mean age, 58 Ϯ 8 years). The prevalences of hypertension and nonsmokers were significantly higher in elderly patients than in younger patients (Table 1) . Other clinical variables did not differ between the two groups. As expected, elderly patients had cerebral embolism (cortical infarction) more frequently than younger patients (78% vs 45%; p ϭ 0.001). Asymptomatic infarction with no definite neurologic signs or symptoms was found in 45% of elderly patients and 23% of younger patients. Thirty-six patients (54%) in the elderly group and 69 patients (51%) in the younger group received anticoagulation therapy with warfarin, and international normalized ratio (INR) at the time of TEE was not significantly different between the two groups (1.44 Ϯ 0.47 in the elderly group vs 1.63 Ϯ 0.70 in the younger group; p ϭ 0.15). Aspirin was similarly used in 31% of the elderly patients and 30% of the younger patients (p ϭ 0.80). Using univariate analyses, mitral stenosis emerged as a risk factor for cerebral embolism in the elderly patients, while permanent AF did so in the younger patients ( Table 2) . As indicated in Table 3 , transthoracic echocardiographic characteristics did not differ between the elderly and younger groups. Erythrocyte sedimentation rate was significantly increased in elderly patients, although hematocrit and D-dimer levels were similar in both groups (Table 3) .
Cerebral Embolism and TEE
Patients with cerebral embolism in the younger group had higher grade of left atrial SEC and lower LAA-flow than those without cerebral embolism (p Ͻ 0.05; Fig 1, top) . Presence of left atrial thrombi and severe atherosclerosis did not differ between younger patients with and without cerebral embolism. In contrast, the elderly group showed no significant differences in the grade of left atrial SEC, LAA-flow, and presence of left atrial thrombi formation between patients with and without cerebral embolism (Fig 1, bottom) . Alternatively, elderly patients with cerebral embolism had more severe atherosclerosis than those without cerebral embolism (p Ͻ 0.05). These were also true when patients with symptomatic cerebral embolism were compared with those without symptomatic or asymptomatic cerebral embolism. For example, 30 younger patients with symptomatic cerebral embolism had higher grade of left atrial SEC (2.0 Ϯ 1.4 vs 0.8 Ϯ 1.2; p Ͻ 0.05), and lower LAA-flow (27.3 Ϯ 20.7 cm/s vs 42.6 Ϯ 22.7 cm/s; p Ͻ 0.05) than younger patients without cerebral embolism. In contrast, 22 elderly patients with symptomatic cerebral embolism had similar grade of left atrial SEC (1.9 Ϯ 1.1) and LAA-flow (30.6 Ϯ 16.1 cm/s) as elderly patients without cerebral embolism (1.4 Ϯ 1.5 and 34.9 Ϯ 23.9 cm/s, respectively). Severe aortic atherosclerosis was more frequently seen in elderly patients with symptomatic embolism than in those without any embolism (68% vs 33%; p Ͻ 0.05).
Risk Stratification of Cerebral Embolism
Among all the clinical and echocardiographic variables determined in the present study, severe atherosclerosis found in the thoracic aorta was the only predictor of cerebral embolism in the elderly group, while reduced peak LAA-flow was an independent predictor of cerebral embolism in the younger group (Table 4) . Other TEE variables did not provide any further information on the predictive value to characterize patients at risk for cerebral embolism.
Discussion
In the present study, we found that nearly half of the patients with cerebral infarction did not have apparent symptoms, and cerebral embolism was associated with lower LAA-flow in the younger group, but not in the elderly group. Alternatively, advanced lesions of atherosclerosis of the thoracic aorta emerged as a predictor of cerebral embolism in the elderly patients with AF.
Cerebral Infarction in AF
In this study, the prevalence of cerebral embolism was higher in the elderly group than in younger group, a consistent finding with the prior observations 2, 3, 17 that the rate of ischemic stroke among patients with AF rose with increasing age. Small and large asymptomatic emboli were frequently observed in patients with AF. Indeed, 61 of 113 patients (54%) with cortical infarction were asymptomatic in the present study. TEE demonstrated that the grade of SEC was higher, and the peak LAA-flow velocity was lower in patients with cortical infarction than in those without cortical infarction, 18 suggesting an association between left atrial blood stasis and systemic embolism in this type of cerebral infarction. Thus, it seems reasonable that most of cortical infarction among patients with AF was considered as embolism, 19 although precise mechanism or mechanisms of cortical infarction remained undermined.
We found the significant difference in SEC grade between younger patients with and without cerebral embolism, but not between elderly patients with and without cerebral embolism. Left atrial SEC is an echogenic swirling pattern of blood flow with erythrocyte rouleaux formation, a marker of increased thromboembolic risk. 20 It has been observed commonly in the left atrium and left atrial appendage in low-flow state, including AF and rheumatic mitral stenosis. In vitro studies 20,21 demonstrated qualitative increases in blood echogenicity along with the decrease in blood flow rates. Accordingly, left atrial SEC was frequently associated with left atrial thrombi and embolic events. 5, 7, 22 Indeed, a higher grade of SEC and lower peak LAA-flow velocity were found in the younger patients with cerebral cortical infarction in the present study, indicating that this specific subtype of infarction could be closely coupled with embolism from left atrial appendage in AF. On the other hand, the fact that there was no difference in the left appendage function between the elderly patients with and without cortical infarction suggests that multiple factors must be associated complicatedly with cerebral infarction of elderly patients with AF. These were also true when only patients with symptomatic cerebral embolism were included for analyses.
Cerebral Embolism and Aortic Atherosclerosis
Atherosclerotic changes in the thoracic aorta can be evaluated noninvasively with TEE. Montgomery et al 12 reported that severe atherosclerosis of the thoracic aorta detected by TEE was an important risk factor for systemic atherosclerotic disease and its severity was correlated positively with ischemic cerebral stroke and mortality. In addition, clinical studies 8, 9, 23, 24 have shown that atherosclerosis of the thoracic aorta is an independent predictor of long-term neurologic events and mortality. Autopsy studies 25, 26 showed that the atherosclerotic involvement of the thoracic aorta was parallel to the extent and severity of atherosclerosis in the aortic arch and the carotid arteries. Therefore, patients with AF with severe atherosclerosis of the thoracic aorta could be susceptible to cerebral embolism arising from arterial lesions in the aortic arch as well as in the carotid system. 19, 24, 26 Indeed, advanced atherosclerotic lesions of the thoracic aorta were observed more frequently in the elderly group than in the younger group of the present study. However, the distinct source and pathophysiologic mechanisms of cerebral embolism should be determined in future studies.
TEE in Patients With AF
Clinical trials [2] [3] [4] have clearly demonstrated that anticoagulation with adjusted-dose warfarin (approximate target INR, 2.0 to 3.0) is effective in preventing the thromboembolic complications of AF. Since the risk of stroke rises with increasing age, long-term oral anticoagulation therapy is strongly recommended for elderly patients with AF. However, owing to the risk of serious bleeding and the need for close monitoring of INR levels, warfarin was used less frequently in elderly patients with AF in clinical practice. 27 If TEE could be useful for stratifying embolic risk as shown in the previous studies as well as in the present study, it helps decide who should receive anticoagulation. Recently, the Stroke Prevention in Atrial Fibrillation III investigators 28 have shown that the presence of echocardiographic abnormalities involving both left atrial appendage and aortic plaque was correlated with incidence of thromboembolism in high-risk patients with AF. Consistently, we found that older patients with aortic atherosclerosis were at high risk for embolism. Thus, assessment of embolic risk with TEE might improve management of patients with AF. 
Study Limitations
There are several limitations of the present study. First, the diagnosis of thromboembolic infarction was based on assessment of brain CT or MRI retrospectively. TEE variables found at the onset of cerebral infarction were unclear in the present study. However, it is clinically difficult to have TEE at the onset of cerebral infarction, in particular, in patients with asymptomatic infarction. Second, most patients were receiving a combination of different medications, including aspirin or warfarin. These drugs may affect the incidence of cerebral infarction in both groups, but warfarin and aspirin were similarly used in the two groups. Intensity of anticoagulation in the present study was slightly weak as compared with that recommended in the United States. 4 In Japan, low-intensity warfarin (INR, 1.5 to 2.1) is accepted for prevention of stroke in patients with AF. 29 Third, the common carotid and vertebral arteries were not examined with ultrasonography, and the contribution of large-vessel atherosclerosis to cerebral infarction was not determined. Finally, prevalence of cerebral infarction was relatively high in both study groups. This could be attributed to patient selection in the present study. Although limited for these reasons, the present study suggests that factors outside the left atrium could contributeto the increased stroke risk in elderly patientswith AF.
